This study was conducted for the isolation, purification, and characterization of a protease from Korean pear, to see its proteolytic activity on chicken actomyosin and to find the optimum pH and temperature of activity on chicken actomyosin. The protease was isolated from crude extract of Korean pear by ammonium sulfate precipitation. Further purification was done by DEAE-Sepharose ion-exchange chromatography, Mono-Q and Mini-Q column chromatography. The purified enzyme gave a single protein band on SDS polyacrylamide gel electrophoresis and the molecular weight was found to be 38 kDa. The specific activity of purified enzyme was 34,907 unit/mg with 25 fold purification and the yield was 2%. The purified enzyme incubated with chicken actomyosin showed high activity. The optimum pH and temperature for enzyme activity on chicken actomyosin were 6.5 and 70 o C, respectively. A protease was purified from Korean pear for the first time and characterized. It was found to be promising for meat tenderization.
Introduction
Tenderness has been identified as the most important factor for consumer acceptability of meat. Meat tenderness is strongly influenced by a sliding-filament mechanism of actin over myosin and actomyosin is a major contributor of toughness (Marsh and Carse, 1974) . The researches on the use of proteolytic enzymes in meat tenderization have been actively underway (Blanchard and Mantle, 1996) . Most of the proteolytic enzymes of plant origin have been shown to increase the tenderness of meat by the hydrolysis of myofibrillar proteins mainly on actomyosin (Miyada and Tappel, 1956; Kang and Rice, 1970) .
The proteolytic enzymes of plant origin extensively studied and most commonly applied for meat tenderization include papain from papaya (Brooks et al., 1985) , ficin from figs (Kee et al., 1998) , bromelain from pineapples (Lee and Jin, 2001 ). More recent studies are application of zingibain from ginger (Naveena and Mendiratta, 2001; Naveena et al., 2004) actinidin from kiwifruit (Roh et al., 2002; Nam et al., 2006) , cucumin from cucumis (Naveena et al, 2004) , and protease from mashroom (Sarcodon aspratus) (Lee and Jang, 2005) . They are widely reported on their chemical properties on many research papers. But the practical limitation with the enzymes such as ficin, bromelanin and papain is their non-uniform or over activity and thus sometime lower the commercial value of the meat (Kim et al., 2003) .
The proteolytic properties of crude extract from Korean pear and its activity on chicken myosin with optimum pH (5.3-7.0) and temperature (40 o C) has been reported (Choe and Park 1996) . Another study reported (Choe et al., 1996) on the activity of crude protease extracted from Korean pear on chicken actomyosin for tenderization. The tenderizing ability of crude protease from pear individually or in combination with pineapple or kiwifruit extract on chicken actomyosin was further emphasized (Kim et al., 2003) . A recent study (Han and Chin, 2004) partially purified protease from Korean pear and suggested approximate molecular weight (30 kDa) of the *Corresponding author : Kangduk Choi, Graduate School of Bio & Information Technology, Hankyong National University, Ansung 456-749, protease and the optimum concentration (0.1%) for tenderization in pork loins. However, no report is available on the complete purification, characterization and activity of the protease from Korean pear.
Therefore, the present study was undertaken for isolation, purification and characterization of protease from Korean pear. Furthermore its proteolytic activity on chicken actomyosin and meat tenderization ability were examined for wide application in meat industry which may open new economic utilization for pear
Materials and Methods

Extraction and Isolation of protease
The method of Choe et al. (1996) was slightly modified to extract proteolytic enzymes from Korean pear. Fresh pear (Shingo breed) was procured from Anseong city, Gyeonggi province, peeled after cleaning, cut into pieces, ground and filtered through cheese cloth to get the juice. Equal parts of fruit juice and 0.1 M L-cysteine in 1 mM EDTA (pH 6.5) solutions were mixed and homogenized at 4 o C for 2 min. Then, the solution was filtered through a sterilized gauze and centrifuged (Avanti R J-E, Beckman Coulter, USA) at 4 o C for 20 min at 10,000×g. The supernatant was mixed with 0.1 M L-cysteine in 1 mM EDTA (pH 7.0) solution, followed by dialysis for 24 h in the solutions of pH 6.5 and used as the crude extract. The crude extract was mixed with 70% ammonium sulfate solution to precipitate the proteins and precipitate was kept at -70 o C till further use. The proteolytic enzyme was isolated by dissolving the precipitate in the solution of 0.1 M L-cysteine in 1 mM EDTA (pH 6.5) and dialyzing the solution with 0.45 µ membrane filter at 4 o C for 12 h.
Purification of protease
DEAE Sepharose ion-exchange chromatography
The protease isolated from crude extract by ammonium sulphate precipitation and dialysis was used for chromatography as per standard procedure. Sample was injected to DEAE-Sepharose column (Amarsham Bioscience) at a rate of 0.5 mL/min as 1 mL/tube and proteolytic enzyme was eluted in 0.5 M NaCl. Pooled fractions containing activity of protease from the first DEAE-Sepharose chromatography was equilibrated with 0.1 M L-cysteine in 1 mM EDTA buffer (pH 6.5). The protease was eluted with 0 M to 1 M NaCl gradient using 0.1 M L-cysteine, 1 mM EDTA buffer (pH 6.5). The reaction of protease in the sample on chicken actomyosin was measured at 280 nm using Spectramax Plus 384 (Molecular Devices Corp, USA).
Mono-Q column chromatography
The fractions eluted and fractionated by DEAESepharose chromatography were filtered with membrane filter (Millipore, YM 30, USA) followed by secondary purification and fractionation with Mono-Q column of 1 mL capacity (AKTA Basic10, Amersham Pharmacia Biotech, USA) at the rate of 0.5 mL/min as 1 mL/tube. Activity of protease from pooled fractions from the Mono-Q column was measured as described earlier in case of DEAE chromatography.
Mini-Q column chromatography
The fractions eluted and fractionated by Mono-Q chromatography were filtered with membrane filter (Millipore, YM 30, USA) followed by final purification and fractionation with Mini-Q column of 0.5 mL capacity (C18 Microspin column, Vivascience, Germany) at the rate of 0.5 mL/min as 0.5 mL/tube. Activity of protease from pooled fractions from the Mini-Q column was measured as described incase of DEAE chromatography. et al., 1996) .
Extraction and isolation of actomyosin
Protein estimation
The protein content in the solution at different stage of
